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The viscosities of lithium, sodium, potasslum, cesium
and ammonium acetates, tetramethyl-, tetaethyl-, te­
trapropyl-, tetrabutyl-, tetrapentyl- and tetr~exyl-amm­

noium bromides and sodium and tetrabu~ammOniumiodides have been m~~ured ~ the.concen •ation range
0.5-8.4 x 10- 2 moll 1 m acetic aCidat 25 C. The data
have been analysed by the Jones-Dole equa on, and vis­
cosity B-coefficientsare found to be positiv~in acetic ac­

id. Ionic B-coefficients are obtained by ~plitting theB-coefficients of tetrabutylammonium brOIpide and te­
trapentylammonium bromide into the contrJbutions due

to individual ions in terms of their ionic ra<if.The solva­tion behaviour of ions in acetic acid has bee.' interp~eted
in terms of their ionic sizes. 1,1

/ '/11

Viscosity measurements, like other tr~port pro­
perties of electrolyte solutions, provide qseful infor­
mation about ion-solvent interactions ~d are 'gain­
ing considerable importance in the case tf nonaque­
ous solvents 1- 4• Though acetic acid is i one of the
most extensively investigated nonaqueo~s solvents5,

viscosity studies of electrolytes in thiS~'olvent are

scanty. Lakshminarayana et al6 have m' ured the

relative viscosities and densities of solu ons of onlythree salts, lithium, sodium and potassi . acetates
in acetic acid to calculate the viscosity B ' oefficients
and partial molal volumes of the ions. I,

Acetic acid at room temperature is ~ clear, co­
lourless and highly associated liquid. It ijas a conve­
nient liquid range of about 100°, relati~ly low vis­

cosity (1.16 cP), low dielectric constant (6.21) andsmall dipole moment. In the present stufy, viscosity

measurements of some uni-UniValentJe.lllectrolytessuch as alkali metal acetates and tetraaqtYlammoni­

um bromides, which have appreciable folubility macetic acid have been carried out at 25°t: to under­
stand the nature of these electrolytes in tns medium

and to throw light on ion solvent interacpons.
i

Experimental I;

Acetic acid (BDH, AR grade) was'iPUrified by
fractional freezing followed by refluxin with acetic
anhydride for several hours and was fin y fraction­

i

ally distilled. The middle fraction distilling at 115­
116°C was collected (sp. conductance = 5-6 x 10-8
ohm-1 cm-t, density = 1.04365 g cm-3 and viscos­
ity = 1.16 cP, all at 25°C). Freshly distilled solvent
was used for each experimental run and its physical
constants were checked.

Lithium, sodium, potassium and cesium acetates
were of AR or equivalent grade and were dried at
140°C for 3-4 h. These were cooled in vacuo over
phosphorus pentoxide. Tetraalkylammonium ha­
lides and ammonium acetate of AR grade were used
as such after drying in vacuo. Sodium iodide (LR
grade) was recrystallised from water-ethanol mix­
ture and dried for 5-6 h in vacuo at 70°C. All the

salts were finely ground and dried in vacuo prior to
their use.

Viscosities were measured with a modified Ubbe­
lohde's capillary type viscometer as described earli­
er7 (experimental accuracy = ±0.002 cP). The den"
sities were measured7 using a bicapillary pycnome­
ter(accuracy = ± 0.0001 g cm-3). All the measure­
ments were carried out in an electrically controlled
water thermostat maintained at 25.00 ± O.Ol°C.

Results and discussion
Densities and viscosities of solutions of

CH3COOLi, CH3COONa, CH3<;OOK,
CH3COONH4, CH3COOCs, NaI, Me4NBr,
Et4NBr, Pr4NBr, Bu4NBr, Bu4NI, Pen4NBr and
Hex4NBr have been measured in the concentration
range 0.5-8.4 x 10-2 mol I-I in acetic acid at 25°C.
The viscosity data have been anaIysed using the
Jones-Dole equation8 in the form

71/71o=l+ACll2+BC ... (1)

where 71and 710are the viscosities of the electrolyte
solution and of the pure solvent resp~tively, C is
the molar concentration and A and B are viscosity
coefficients characteristic of ion-ion and ion-solvent
interactions respectively.

The equation (1) may be rearranged as

(71/710-1)/Cll2=A+ BCll2 ... (2)

so that viscosity A and B coefficients can be calcu­
lated from the (71/710- 1)/CII2 versus Cl/2 plots as
the intercept and the slope respectively. The plots
were found to be linear over the whole concentra­
tion range and the values of A and B were calculated
by the least squares method (Table 1).

The viscosity A coefficient can also be calculated
theoretically9 from the knowledge of conductance
data and the physical properties of the solvent.
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Table 1~ Viscosity A and B coefficients of Jones-Do e equation Table 2-Ionic B ± coefficients (I mol ~ I) in acetic acid at 25°C
'or some 1:1 electrolytes in acetic acid at 25°

IonIonic B values (B±)
A(]I/2 mol-I/2)

B( mol~l)Li+0.39

CH3CO

0.040.80 Na'0.59

CH3CO

0.021.00 K+0.46

CH3CO

0.010.87 NH:0.31

CH3CO

0.010.72 Cs+0.19

CH3CO

0.000.60 Me4N+0.28

Me4NBr

0.010.58 Et4N+0.31

Et4NBr

om0.61 Pr4N+0.35

Pr4NBr

om0.65 Bu4N+0.38

Bu4NBr

0.02.68Pen4N+0.53 j
Pen4NBr

0.02.83Hex4N+0.57

Hex4NB

om.87Br-0.30

Bu4NI

0.01.99I~0.61
NaI

0.021.20 Ac-0.41

Howev r, because of the lack of ionic con~uctance

data of lectrolytes in acetic acid, the theo etical A
coeffici nts could not be calculated for the sake of
compa son.

The .scosity 13 coefficients for all the ele trolytes
in aceti acid are positive. Lakshminaray na and
Krishn 6 have also reported viscosity 13 co fficient
values for CH3COOLi, CH3COON and
CH3C K in acetic acid at 35°C. Our iscosity
B-value at 25°C are slightly higher than t ose re­
ported y these workers, but the trend is the same.

Ionic v' cosity B coefficients
To ha e a better understanding of the ion solvent

interact ns, it is necessary to split the vis osity 13
coeffici nts into the individual ionic 13 coe .cients
13+ and 13_. However, there is no expe' ental
method available to split viscosity B-coe cients
and, th efore, the division has to be arbi rary. A
number of methods have been suggested t r doing
thislO. ost of these methods depend u on the
choice f a reference electrolyte for which cation­
solvent d anion-solvent interactions may e con­
sidered qual. In our previous publicatio 4,11we
have us d triisoamylbutylammonium tetra henyl­
boride d tetrabutylammonium tetraphen Iboride
as the r ference salts. However, because f their
poor sol bilities in acetic acid, the salts coul not be
used as ference electrolytes.

In the present studies, ionic B-coefficients were
calculat by using the equations:

B(Bu4N ) - B(Pen4N+) = B(Bu4NBr) - B(Pe~4NBr)

... (3)
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B(Bu4N+) _ r3(Bu4N+) = (0385)3 (4)
and + 3 + ...

B(Pen4N) r (Pen4N) 0.430

based on the lack qf solvation of large tetraalkylam­
monium ions R4N (R> Bu). This method has been
used by some other workers also12.

Solving the above equation for B(Bu4NBr) and
B(Pen4NBr), we got B(Bu4N+) = 0.38,
B(Pen4N+) = 0.53 and B(Br-)=0.30. The value of
B(Bu4N +) was used to calculate the ionic B-value
for 1- ion from the 13value for Bu4NI. The 13(1-) was
further used to calculate B(Na +) from 13 value of
NaI. These values were further used to calculate
ionic viscosity 13 coefficients of all the other ions.
The results are recorded in Table 2.

An inspection of Table 2 reveals that the viscosity
B-coefficients for the cations follow the order:

Na + > K + > Li + > Cs +

Me4N+ <Et4N+ <Pr4N+ < Bu4N+ <Pen4N+ <
Hex4N+

Except for Li + ion, the order of decreasing vis­
cosity B-coefficients is opposite to the order of de­
creasing ionic radii suggesting that smaller alkali
metal ions are more solvated in acetic acid and sol­
vation of ion decreases with increasl~ in ionic radii.
The anomalous behaviour of Li + ion has been ob­
served by Lakshminarayana et aL6 also at 35°C. On
the other hand, the B-coefficients of large tetraalkyl­
ammonium ions decrease with the increase in ionic
radii. This is due to lack of solvation of large tetraal­
kylammonium ions and increase in crystallographic
radii. Similar behaviour of tetraalkylammonium
ions has also been noticed by other workers 7,13,14.
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